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Introduction
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Resonance in the L =1, I = 1, 7w scattering channel
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Scattering in finite volume

Lischer's method

In finite volume, 77 states have discrete energy levels E; .

Lischer’'s method

Energy levels in Scattering phase-shift
finite volume in infinite volume

~ Zoo(1;,4%)
cotd(q) = T

qg= ﬁ%\/EZ —2m2
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Scattering in finite volume

cotd (E)

Phase shift vs energy ofizn the box
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— strong coupling between p and excited 27 states at low m,
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Scattering in finite volume

Excited states extraction

e Compute on the lattice the matrix of correlators

Gij(t) = (Oi(t) 0;(0))

with {O;} a set of independent appropriate interpolators.

e Solve the generalized eigenvalue problem

C(t)y = A(t, to) C(to) ¢

o Then A" (¢, ty) ~ e En(t=10) 4t large t determines the
energies
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Scattering in finite volume
Phase shift

Phase-shift extraction
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In practice
Lattice QCD setup

Lattice actions

o Gauge action: tree-level O (a%)-improved Symanzik action

e Fermion action: tree-level O (a)-improved Wilson fermions,
Nf =241, 2 steps of HEX gauge links smearing

Gauge configurations

5 independent gauge ensembles from the BMW-c:
m, from 135 MeV to 300 MeV

3 volumes from (3.7 fm)3 to (5.6 fm)3

2 lattice spacings (0.12 fm and 0.08 fm)
m;L =>4
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¢ g In practice

Interpolating operators

Work in the center-of-mass frame.
2 to 5 independent operators with p quantum numbers:
o Op:fl’}/,'u—(_j’)/id
o Or:(P): back-to-back 7 with up to 4 lattice momenta

Inversions and contractions

e stochastic sources

e generalized propagators

— high cpu cost (between 2M and 10M core-h per ensemble on

BG/Q)
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Tut effective masses
GEVP 5x5, rq:210 MeV
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Results

Parametrization of the p resonance

Breit-Wigner resonance

Assume narrow resonance dominating 7 scattering. Then
2

Mo

.2
sin“d ~
4(E — I\/Ig)2 + F%

Effective interaction Lagrangian

Provides a convenient parametrization of the resonance
a_b c
Lint = Gprr €abe py, ™ OM'7

= sin%0 (gpmn, M,)
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Results

Resonance on the lattice

L=1 partial wave cross-section from Lattice QCD

m =210 MeV m =220 MeV
1 v 1 r
r ] T ] r N T ]
08 ! - 08 l" -
L 4 L ) ]
0.6 — — 0,6 | .

1
2 ! 2
sin' & r I 1 sind r b
04— 1 — 04— \ —
L [ 4 L “ 4
02 { ‘\ 02

= 7’
ol aoel

0 05 1 15 2 0 05 1 15 2
E (GeV) E (GeV)
m =136 MeV
T I ‘ j
- I —
08 r \ 1
0,6 i —
sin’ 3 * 1 4
0,4 \ —
L \ i
\
02— I ) N —
= 7 -
o e=-T [P
0 05 1 15 2
E (GeV)

Thibaut METIVET Lattice study of 77 scattering



Results

prut coupling from lattice QCD M_ from lattice QCD
0, (lalice)=5.640.5 e

T T T T T T T T 1 T —— . : .
1200~ -
L 1] 11007—

6 { E i 1000 4

Yo 51— { 1 ™ s } E B
Mev) |

4 -
8001 i

3 J L

L 7001~ E

e ] 6001~ 4

g i 1 1 1 1 1 1 [ i Il Il Il Il Il Il
o 014 07 0283 ogaﬁ 04 0447 04d o 01497 0,289 0346 X3 0,447 0,49
m? @ev) m? (GeV)

Lattice study of



Results

prut coupling from lattice QCD MP from lattice QCD
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Conclusion

Conclusion

Results

e first lattice computation of the p resonance parameters at the
physical m mass

e good agreement with experiment

e confirmation of the very weak dependence of g, on the
pion mass

Current investigations

e continuum extrapolation
e analysis of the pion mass dependence of M,
e systematic error analysis

e improve statistics 7 (computationally expensive)
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Appendix
Gauge ensembles

B8 L3xT | a[fm] | m:[MeV] | # confs
3.31 | 483x48 | 0.12 135 483
3.31 | 323x48 | 0.12 210 225
3.31 | 323x48 | 0.12 300 451
3.61 | 483x48 | 0.08 220 200
3.61 | 483x48 | 0.08 255 210
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